INTRODUCTION
(2000 to 7500 iguanas in total at densities of 0.3 to 1.4 iguanas ha -1 ) compared to much higher densities reported for C. cornuta cornuta from Hispaniola , Pérez-Buitrago & Sabat 2000 . For example, a survey of C. c. cornuta on Petite Gonave Island in Haiti indicated densities 26 times greater than those found for C. c. stejnegeri on Mona . Reported Cyclura densities range between 0.3 and 130 iguanas ha -1 with 75% of populations exceeding 10 iguanas ha -1 (Goodman 2004 ). All population estimates less than 1 iguana ha -1 stem from taxa predominately found in degraded habitats with introduced predators and ungulates, namely C. collei, C. lewisi, C. pinguis and C. c. stejnegeri (Goodman 2004) . The age structure on Mona is strongly biased toward large, adult individuals, which is indicative of low and non-self-sustained levels of recruitment of juveniles into the breeding population (Wiewandt 1977) . These 2 traits have led to the conclusion that the Mona population 'is abnormally small' and the listing as endangered by the International Union for Conservation of Nature (IUCN) . Two invasive species have had serious impacts on Mona Island iguanas; feral pigs depredate eggs and hatchlings, while feral cats prey on young iguanas . Pigs are regularly hunted in order to reduce densities and their impact on iguanas, but there is no effective control program for cats. Eradicating both species is not regarded as feasible . Meanwhile, as an additional management tool, a headstarting program was initiated in 1999 with the aim of increasing the survival probability through the neonatal period (Ferguson et al. 1982) and thus increasing the effective population size .
Removing detrimental invasive species is undoubtedly one of the most powerful conservation tools available to prevent extinctions of affected species, stop ecosystem change and restore ecosystems to their natural state. Although there have been significant successes in eradicating invasive species from island environments (e.g. cats, Nogales et al. 2004; goats and pigs, Kessler 2001) , eradications are, in general, underutilized as a wildlife management tool as they are often technically difficult or very expensive (Donlan et al. 2003) . Such programs can take a long time to become successful and are, therefore, not always a fast and efficient remedy (Cruz et al. 2005) . Under these circumstances, headstart programs can constitute intermediate remedies to prevent further population declines and to promote population recovery. Headstart programs seek to increase the survival of juvenile animals by rearing hatchlings in captivity until they reach a size that makes them less vulnerable to predation once relocated into the wild (Ferguson et al. 1982) .
In rock iguanas, headstarts have been utilized either as a management tool in highly endangered species with low juvenile recruitment (Jamaican iguana since 1991, Wilson et al. 2004 ; Anegada iguana since 1991, Bradley & Gerber 2005) or to evaluate the performance and effectiveness of such programs (Cuban iguana since 1994, Alberts et al. 2004 ; Mona island iguana since 1999, ). However, information on the long-term success of iguana headstarts is limited. Survival estimates of headstarted iguanas range from 9 to 40%, but sample sizes have been low and time periods relatively short (Cuban iguanas: 4 of 45 released iguanas were re-sighted at least once within 24 mo, Alberts et al. 2004 ; Jamaican iguanas: 8 of 20 released iguanas survived 24 mo or more, Wilson et al. 2004) . In general, survival rates may be underestimated for both wild and headstarted iguanas, as juveniles are difficult to detect and marked animals likely emigrate from study sites (Wilson et al. 2004 . None of the programs reported difficulties in captivity, such as high mortality or compromised animal health (Wilson et al. 2004 ). Success of headstarts might be increased by the enhancement of behavioral competency for survival and successful reproduction after release by careful design of captive conditions and release strategies (Alberts 2007) . Empirical results on an experimental headstart program in Cuban iguanas indicate that captivity might have no significant effects on antipredator, thermoregulatory and social behaviors, or on food preferences and growth rates .
A general lack of data on long-term survivorship, behavior of released animals, reproductive success, and impact on population recovery is notable even for turtles, for which headstarts were first utilized and have now been applied to many species (Heppell et al. 1996 , Siegel & Dodd 2000 , Mitrus 2005 . Headstarts have been criticized because they do not specifically address the causes of population decline and thus do not create self-sustaining populations (Frazer 1992 , Heppell et al. 1996 , Heppell 1998 , Siegel & Dodd 2000 . Here, we assess the effectiveness of a headstart in the Mona Island iguana based on survival, recruitment, growth rates, body condition pre-and postrelease, migration distances from the release sites, and external parasite load (ticks Amblyomma sp.) of the first 2 cohorts of headstarted hatchlings for 3 to 4 yr after release.
MATERIALS AND METHODS

Mona island (53 km
2 ) is located in a deep-sea channel (18°05' N, 67°54' W) between Hispaniola and Puerto Rico. There is no evidence of an historic con-nection of Mona, where the subspecies Cyclura cornuta stejnegeri occurs, with either Puerto Rico or Hispaniola . Mona was designated as a Natural Reserve in 1973 and is administrated by the Puerto Rico Department of Natural and Environmental Resources (PR-DRNA). Mona's climate is subtropical with an annual mean precipitation of 810 mm, a marked dry season from January to April, a mean annual temperature of about 25°C, and humidity of 40 to 64% during the day and 89 to 100% during the night. The island is dominated by a karst geology and the vegetation is predominantly subtropical dry forest (Cintrón & Rogers 1991) . Distinct plant communities characterize 2 main landscape features, the coastal plain (~5% of the total area) and the plateau (Cintrón & Rogers 1991) . Whereas the plateau has received very little human impact, a large portion of the coastal plain habitat has been highly disturbed by plantations of the exotic trees Casuarina equisetifolia and Swietenia mahogany, which have displaced the native coastal vegetation (Cintrón & Rogers 1991) .
Headstarting facility and study site. Mona's headstart program was initiated in October 1999 by building an enclosure facility next to the PR-DRNA staff facility at Playa Sardinera (Fig. 1) . The Sardinera is characterized by the highest densities of wild iguanas recorded on Mona Island (7.5 iguanas ha adult land crabs were excluded from entering, but were also prevented from leaving if they entered the enclosures at small body size. Each unit retained sand as the naturally occurring substrate and was improved by planting native plants. Rocks, perches and PVC pipes (100 mm diameter, 1 m long) were provided for climbing, hiding and basking. Enclosures were maintained twice per month by thorough cleaning, removal of any food remains and land crabs, and by pruning plants. Iguanas were fed a mixture of moisturized commercial food (Zeigler ® iguana mash) on alternating days using 3 food stations in each enclosure composed of pieces of bamboo cut lengthwise. In addition, wild fruits, flowers and leaves were provided whenever available.
Animals. As the facility lacked equipment for incubating eggs, 62 hatchlings were collected during the hatching seasons in October 1999 and 2000 (n = 48 and n = 14, respectively) by digging up nests in 3 areas on the coast, Wiewandt, Mujeres, and Carabinero (n = 33, 24 and 5, respectively) ( Fig. 1) . These sites were chosen because they are characterized by high abundance of iguana nests. We aimed at collecting all hatchlings from each nest, but know that some hatchlings escaped. Hatchlings came from 8 nests in 1999 and 6 nests in 2000. Maternity and relatedness between nests were unknown, but it is possible that hatchlings from different nests were related to some degree. In 1999, the 48 hatchlings were kept in 5 enclosures (~10 per enclosure). In 2000, those hatchlings, along with the 14 collected that year, were redistributed in a (Fig. 2 ) and growth rates were detectable when comparing the data for the first year with subsequent years. Therefore density effects were not further analyzed.
Hatchlings were marked subcutaneously with Passive Integrated Transponders (PIT tags, AVID ® ). We recorded SVL (± 0.1mm), tail length (±1mm) and weight (±1 g) of all individuals after collection and every 4 mo thereafter. During each check, we recorded the presence of ectoparasitic ticks (Amblyomma cruciferum and A. torrei) and counted ticks if present (Wiewandt 1977 , Durden & Knapp 2005 . For the Mona iguana, ticks are concentrated in axilliary and inguinal regions, but some highly infected individuals also had ticks on other body parts (Wiewandt 1977, authors' pers. obs.) . The presence or absence of femoral pores, or cloacal probing, was used to determine sex in older juveniles (Schaefer 1934 , Dellinger & von Hegel 1990 ). As we observed no mortality, decrease in body condition or visible signs of disease, veterinary care was restricted to monitoring of overall body condition (body mass and ectoparasite load).
Release. Iguanas were released between April 2002 and October 2003, after reaching what we deemed sufficient body mass to escape predation by native predators (i.e. hawks) and feral cats. Iverson (1978) reported that cats predate the West Indian rock iguana Cyclura carinata up to a body mass of 510 g and 235 mm SVL. Lacking exact data for Mona iguanas, we released only individuals larger than 225 mm and heavier than 620 g, regardless of age. Each individual was marked with a unique combination of colored beads attached to the dorsal crest prior to release (Rodda et al. 1988) . Health screening consisted of a visual check for ticks (Amblyomma sp.) and for injuries such as missing toes and broken tails. Ticks and mites were rarely observed. Ticks were physically removed prior to release.
Iguanas were released at the nesting sites where they were collected as hatchlings (Fig. 1) . These sites are located in a plantation of exotic trees, which might represent suboptimal habitat for juvenile or adult iguanas as we never observed iguanas there except during nesting season and at the edge of the plantation. Despite the suboptimal habitat, we adopted these release sites based on Wiewandt's (1977) suggestion of natal imprinting in females for the selection of nesting sites.
Post-release monitoring. Subsequent to the release, we extended monitoring of headstarted iguanas from the original capture sites to Sardinera area where iguanas are most numerous. The nearest boundary of the Sardinera capture area was approximately 1.3, 0.5 and 2.5 km distant from the 3 release sites, respectively ( All captured iguanas (wild and headstarted) were physically restrained. GPS locations, SVL, tail length and body mass were recorded. Unmarked individuals were PIT tagged and externally marked with colored beads if they were larger than 300 mm SVL or with colored wire if they were smaller. We quantified the external infestation with ticks, as with captive individuals (Wiewandt 1977 , Durden & Knapp 2005 . After a handling interval of between 25 and 35 min, iguanas were released at the capture location.
SVL, tail length, body mass, body condition, and parasite load of headstarted individuals were monitored before and after release and compared with wild iguanas from the same study area. The body condition index (BCI) was calculated as the ratio of body mass (g) and SVL (mm) following (Laurie 1989) . This index has been used previously in marine iguanas (Romero & Wikelski 2001 ) and in translocated St. Lucia whiptail lizard Cnemidophorus vanzoi (Dickinson & Fa 2000) . The relationship between SVL and body mass was compared between headstarted and wild iguanas by first fitting a regression line to wild iguanas only (weight = a × SVL b ), whereby the parameters a and b were estimated using the statistical package Statistica 5.5, and reporting the correlation coefficient r. The variance of weight varied largely over the range of observed SVL values and could not be normalized by a log-transformation (Sachs 1982 Sachs 1982) . We then calculated the residuals for wild and headstarted iguanas using the regression derived from wild iguanas. A regression was fitted to the residuals for headstarted iguanas (residual weight = c + d × SVL) in order to evaluate if the variation in growth differed between wild and headstarted iguanas. We also compared the residuals of headstarted versus wild individuals using the Mann-Whitney Utest to determine if the residual variation in growth differed between wild and headstarted iguanas.
RESULTS
Release and survival of headstarted iguanas
The 62 released iguanas weighed between 0.62 and 1.32 kg (0.96 ± 0.17 kg, mean ± SD) and the SVL varied between 225 and 302 mm (258 ± 19 mm). Six individuals grew markedly slower than all other iguanas in captivity. These 'delayed' individuals ( Fig. 2) reached the minimum release weight of 0.62 kg between 45.1 and 53.7 mo (49.1 ± 3.7 mo) whereas all other iguanas could be released after 22 to 36.3 mo in captivity (33.1 ± 3.5 mo).
Between March 2003 and October 2006, 75 different iguanas were captured in the Sardinera area. No iguanas were seen or captured outside the nesting and hatching periods inside of the Casuarina plantation, thus supporting evidence for zero or very low densities of mid-sized and adult iguanas in these plantations (Pérez-Buitrago & Sabat 2000) . From these 75 captured iguanas, 50 were wild and 25 were headstarted. The 25 recaptures represent 40.3% of the 62 released headstarted iguanas. Headstarted iguanas were recaptured 35 times (7 iguanas were recaptured twice and 1 was recaptured 4 times). Fifteen recaptures were from the 1999 cohort (31.2%) and 10 from the 2000 cohort (71.4%), but the proportions of recaptures were not statistically different from each other (χ 2 = 0.64, df = 1, p > 0.05). Ten males (40%) and 15 females (60%) were recaptured. Time between release and last recapture ranged from 7.6 to 61.3 mo (29.8 ± 17 mo). Corresponding ages at the time of the last recapture (including recaptures performed until July 2006) ranged from 32.3 to 91.3 months (64.4 ± 17.24 mo).
Locations of recaptures
The distance between release site and the location of the first recapture ranged between 441 and 1249 m (633 ± 147 m). All recaptures were from the releases at the Wiewandt (16 of 33) and Mujeres sites (9 of 24), whereas none of the 5 individuals released at the more distant Carabinero site were recaptured. Some sightings or recaptures occurred within the Casuarina plantation, which contained the breeding sites where most of the headstarted iguanas were released, but were concentrated near the edges of the plantation. Although all habitats (Fig. 1) were systematically searched for iguanas, all recapture locations were aggregated around the headstart facilities. Whereas some female headstarted iguanas were seen and recaptured within the territories of resident males, male headstarted iguanas were exclusively observed and recaptured outside the territories of resident males, with the exception of the immediate surroundings of the staff kitchen, which showed a high concentration of headstarted iguanas of both sexes.
Growth rates
In captivity, there was a large variation in growth rates and a pronounced temporal pattern of growth rates within individuals. The large variation in growth rates is exemplified by the varying ages at which iguanas reached the target release size (see 'delayed' iguanas, above; Fig. 2 ). The pattern of growth was not uniform over time (Fig. 3) . Growth rates varied from rapid growth during the first halfyear and the fourth half-year periods and slower growth rates during all other times, especially the 6 mo before release. However, growth rates increased strongly after release, as indicated by the fact that the 25 headstarted iguanas recaptured showed high and similar growth rates to those recorded during the peak in captivity. In addition, there was no variation in growth rates between sexes (t = 1.69, df = 23, p = 0.10); thus both males and females were pooled for examination of overall growth rate for juveniles. Growth rates of wild iguanas of comparable size to captive individuals were obtained from recaptures of 9 individuals during the dry, nesting and wet seasons (March, July and October, respectively). SVL ranged from 112 to 352 mm at the time of the first capture. Recaptures of these wild individuals occurred after 3.3 to 20.9 mo (10.7 ± 5.8 mo). Growth rates varied from 4.1 to 10.5 mm mo -1 (6.3 ± 2.2 mm) and were thus in the upper range of the overall growth rates observed in captivity (Fig. 3) .
SVL and body mass of wild and post-release headstarted iguanas ranged between 165 and 602 mm and from 0.15 kg to over 10 kg, respectively, at first capture (Fig. 4) . Only 12% of the captured wild iguanas (n = 50) were smaller than the target size of 235 mm SVL for releasing headstarted iguanas, and only 10% were mid-sized (between 235 and 400 mm). Thus, small and mid-sized individuals were clearly underrepresented among captured wild iguanas. Captured headstarted iguanas ranged between 308 and 450 mm and between 1.3 and 4.2 kg. These individuals represented the bulk of the mid-sized iguanas (SVL< 400 mm) in the Sardinera population (Fig. 4) . The regression for wild iguanas (Fig. 4a) explains 81% of the observed variance of wild iguana's weight (r 2 = 0.81). Data points for headstarted iguanas lie tightly around the regression curve and the regression of the residuals of headstarted iguanas explains only 11% of the variance (r 2 = 0.11; Fig. 4b ). The residuals for headstarted and wild iguanas did not differ (Mann-Whitney U-test = 1649, z = 0.50, p = 0.61), indicating that captivity does not affect size-dependent body condition.
Body condition, tick load, and reproduction
There was no difference between the sexes in body condition index of headstarted iguanas at the time of the release (t = 0.30, df = 23, p = 0.77). Body condition was higher for headstarted iguanas prior to the release than at the time of the first capture (paired t-test = 5.1, n = 25, p = 0.00003) (Fig. 5) . However, body condition of headstarted iguanas at the time of the first recapture reached similar values to the body condition of wild mid-size and adult iguanas (ANOVA: F 2,69 = 1.41, p = 0.25) (Fig. 5) .
Tick load during captivity and prior to release time was minimal (2 of 63 iguanas had 1 tick each prior release). Tick load of wild iguanas was positively cor- . Cyclura cornuta stejnegeri. Variation in body condition index in captivity and after release (connected bars) in comparison to wild mid-sized iguanas (SVL < 400 mm) and wild large adults (SVL > 400 mm). SD shown related with SVL (r = 0.40, n = 64, p < 0.001) and this relationship was also valid when only wild mid-sized iguanas (235 to 420 mm SVL) were considered. After release, mid-sized headstarted iguanas acquired similar tick loads (28.2 ± 25.4 ticks) to wild iguanas (32.2 ± 22 ticks) of similar size (t = 0.40, n headstart = 21, n wild = 13, p = 0.69), but within that size range there was not a significant relationship between SVL and parasite load (r = 0.19, n = 23, p > 0.05). Circumstantial evidence indicates that ticks could be acquired quickly after release (1 released iguana acquired 7 ticks 4 d after release). There was a trend, albeit not significant, that females had more ticks than males (n males = 9, n females = 13, t = -2.04, p = 0.053). 
DISCUSSION
Headstarted iguanas accounted for 71% of mid-size iguanas captured in the study area and represented 33% of the total Sardinera iguana captures. The capture program was intensive and by 2006, we no longer observed non-marked mid-sized and adult iguanas, indicating that all or almost all resident iguanas had been captured and marked in the Sardinera area. Thus, capture rates likely reflect abundance of wild and headstarted iguanas. Translating the numbers of captured iguanas at Sardinera (50 wild plus 25 headstarted) to density estimates, there was an increase from a minimum of 7.5 wild iguanas ha -1 to 11.3 wild and headstarted iguanas ha . This is the highest estimate for any Mona Island locality; elsewhere, estimates ranges from 0.3 to 1.4 iguanas ha -1 (Pérez-Buitrago & Sabat 2000, . But this estimate is still low when compared to density estimates of other Cyclura populations, which in many cases reach values as high as 10 to 128 iguanas ha -1 (Goodman 2004) . Headstarted individuals have supplemented captures of small and mid-sized wild iguanas and have thus increased minimum abundance in this age class. The apparent scarcity of small and midsized wild iguanas was reported across the whole island and in the Sardinera study site prior to release of headstarted individuals (Wiewandt 1977 , Pérez-Buitrago & Sabat 2000 , 2007 and is thus unlikely the result of competitive interaction between headstarted and wild iguanas. Moreover, observations on the Hispaniolan subspecies (Cyclura cornuta cornuta) do not indicate that wild mid-size iguanas are particularly difficult to detect, as observations on Isla Beata reveal that approximately one-third of the population are small and mid-sized iguanas compared to 20% at Sardinera. The apparent scarcity of small and mid-sized wild iguanas on Mona has been associated with low levels of recruitment (Wiewandt 1977 , Pérez-Buitrago & Sabat 2000 and was listed, together with overall low density, as the main rationale for the classification of the Mona iguana as endangered . The presence of headstarted iguanas and thus the increase in density and abundance suggest that the headstart program is accomplishing the primary goals of the recovery program, namely the increase of the population size.
However, the long-term effects and the success of the headstart program require further monitoring. Interestingly, most headstarted iguanas were captured in marginal and highly human-disturbed sites located adjacent to areas where wild resident iguanas have their home ranges year round. Radiotelemetry suggests that wild adult iguanas of both sexes are highly territorial and that some areas may already be at carrying capacity ). Therefore these areas offered limited opportunity for new individuals to immigrate and settle. Territoriality is likely to reduce recruitment opportunities due to failure of individuals to find optimal sites for establishing a territory ). Consequently, increased survival in young stages could be offset by reduced or failed reproductive success of headstarted iguanas.
Survival
Recapture rates are conservative estimates of minimum survival rates as some headstarted individuals could have escaped detection. Previous survival estimates for headstarted Cyclura iguanas 2 yr after release fluctuate from 9% for Cyclura nubila nubila to 40% for C. collei (Wilson et al. 2004) . Survival of C. pinguis was 83% 1 yr post-release (Bradley & Gerber 2005) . The large variation in these estimates may result from actual differences in survival as much as the difficulties in monitoring individuals after release. However, all the estimates are within the range of juvenile survival rates reported for headstarted reptile species, including crocodilians and turtles ). The minimum survival rate of 40.3% of Mona headstarted iguanas is higher than the survival of 22% reported for wild Mona hatchlings during the first 5 mo of life . On the other hand, survival estimates between 0.5 and 6.5 yr of age, the time span the Mona headstarted iguanas were observed, are much higher for other for wild iguanas (C. carinata: 50 to 74%, Iverson 1979; C. cychlura inornata: 95.3%, Iverson 2007) . Minimum survival rates required to maintain the Mona population remain unknown. Thus, further monitoring is required to assess whether the headstart program is suitable to compensate for the assumed juvenile survivorship problem of wild Mona iguanas.
Migration distances
All headstarted iguana captures were in the Sardinera site near the headstart facilities (Fig. 1) . Why those individuals returned to the site where they spent 2 or more years in captivity is unclear. It is likely, however, that the poor habitat (i.e. the Casuarina plantation) at the release sites, where no iguanas seem to live year-round (Pérez-Buitrago & Sabat 2000), triggered migration. The assumption of natal imprinting in females for the selection of nesting sites (Wiewandt 1977) , which led us to choose nesting sites as release sites, seems not supported by the choice of nesting sites by headstarted females. On the other hand, natal imprinting might require some time in the area of the nest. Whether headstarted iguanas exhibit natal imprinting and return to the place they were moved right after hatching needs to be experimentally tested. Applied management could address this issue by initial headstarting in areas that provide optimal habitat for juveniles, then moving them to the main headstarting facility.
Homing behavior is defined as the ability of animals to return to their usual home range when they are displaced from it (Jenssen 2002) . Homing behavior has been reported for other lizard species (Freake 1998 , Jenssen 2002 , including one male Mona iguana that returned to its home site 1 wk after being displaced 0.4 km (Wiewandt 1977) . The capture locations suggest that headstarted iguanas exhibit homing behavior, as they returned and settled in areas near where they were raised. Radiotelemetry data from 9 headstarted iguanas showed very erratic movement patterns, with individuals covering an area averaging 12.9 ha during the first 5 mo after release . In contrast, mid-sized wild iguanas use much smaller areas (average = 1.4 ha, n = 5) than headstarted iguanas, but larger than adult individuals (0.3 ha, n = 42, both sexes pooled). Furthermore, the erratic movement patterns of headstarted iguanas also differ substantially from the much more directed dispersal displayed by hatchlings during the dispersal phase after hatching . The longterm effects of the differences between wild and headstarted iguanas we report here remain unknown and deserve additional research.
Growth rates and body condition
The only information on growth rates prior to this study was based on a single recapture (4.4 mm mo -1 during the first year of life) (Wiewandt 1977) . We observed a large variation in growth rates, though unrelated to sex. Averages ranged from 4.7 ± 0.9 mm mo -1 in captivity, to 6.6 ± 1.9 mm mo -1 after release, and 6.0 ± 2.3 mm mo -1 for wild iguanas of similar size to headstarted iguanas. Overall, growth rates on Mona ranged from low values similar to other Cyclura species (C. carinata, 1.6 mm mo Of high relevance for captive management of iguanas is the pronounced decline in growth rates at the beginning of the third year in captivity (Fig. 3) . Whereas the growth rate during the first 2 yr was comparable to that in wild iguanas, the subsequent decline suggests that density in captivity became less appropriate over time. With increasing age, conditions in captivity may produce stress due to crowding or aggression, which in turn induce decreased growth rate. This is also the likely reason that some individuals reached the release size much later than their enclosure mates (Fig. 3) . That decreased growth rates were induced by captivity is clearly supported by the increased rate after release, which was comparable to that found in mid-size wild iguanas. Body condition decreased after the release, but this decrease is of no major concern, as body condition reached values similar to those of wild mid-size and adult iguanas between the first and subsequent recaptures (Fig. 5) . The initial decrease of body mass is not surprising, considering the slower growth rate prior to release and that energy expenditure after release is certainly increased for resource and shelter acquisition and increased movements. Headstarted iguanas did not differ in their sizedependent body condition from wild iguanas of similar body size (Fig. 4) . As wild iguanas had access to increased food availability due to artificial feeding, the condition index might have been higher than without food provisioning. In that case, a headstarted individuals' body condition would exceed the body condition of wild, non-supplemented iguanas.
A lower size or weight threshold for release is desirable in order to avoid the reduced growth rates observed during the third year in captivity. The smallest recaptured headstarted iguana was released at 0.7 kg of body mass, suggesting that this size could be considered as the minimum for future releases. However, lower release weights should be explored, such as for the Anegada headstart program, in which minimum release size was gradually reduced over time from 0.75 kg to 0.55 kg (Bradley & Gerber 2005) . On the other hand, the safer and faster alternative might be a reduction in densities in captivity to allow continued growth.
Parasite load
Tick load at the time of recapture represent ticks acquired after release as all ticks, if present, were removed prior to release. Ticks can be acquired fast in the wild, as the case of one iguana, which gained 7 ticks during 4 d between release and re-capture, indicates. In captivity, ticks were rarely acquired.
Ticks are the major parasites responsible for the transmission of the piroplasm Sauroplasma, but there is no evidence for any Cyclura species that Sauroplasma produces pathogenic effects ). However, ticks themselves can have negative effects on lizards by reducing sprint speed (Main & Bull 2000) and hemoglobin content (Wikelski 1999) . No evidence for different parasite load of headstarted and wild iguanas was observed, suggesting that headstarted iguanas are not more vulnerable to tick infestation than wild iguanas. Whether this indicates that captivity has no impact on immune competence in general will require more detailed data.
Reproduction of headstarted iguanas
Two of the 3 headstarted iguanas known to have shown nesting behavior were, at 4 and 5 yr age, younger than the estimated age for sexual maturity of females (6 to 7 yr; Wiewandt 1977) . Whether this apparent early breeding was induced by captivity or whether maturity is size-based or whether early maturity in the wild was not detected remains unclear. These headstarted iguanas did not nest in the area where they hatched and where they were later released. At least in this case, the strategy to release iguanas at their own hatch site because of assumed natal imprinting did not result in the expected choice of nesting site. In contrast to the behavior of Galapagos iguanas (Christian & Tracy 1982) , radiotelemetry data during the nesting season reveal that young females make long and erratic movements visiting various nesting areas until choosing a nesting site (authors' unpubl. data). Therefore, we suggest that future release sites should be chosen in areas with optimal habitat and suitable nesting sites rather than relying on the tobe released iguanas' own hatching sites.
Management implications
The Mona Island headstart program was highly successful in increasing the density of mid-size iguanas in the study area. In this sense, the program is accomplishing its primary goals. However, whether this will lead to long-term population increase and recruitment of headstarted iguanas into the breeding pool remains to be seen. In particular, the dispersal from the release sites to the headstart facilities highlights some potential problems, at least for the Mona headstart program.
First, that area has the highest estimated density for any Mona locality, which is likely a consequence of the presence of humans in the area and daily provisioning of food resources to free-ranging iguanas. Headstarted individuals increased density even more. Anthropogenic-induced density increases can strongly impact mating system, demography, and population genetics (Lacy & Martins 2003) . Therefore, headstarted iguanas need to be released far away from the headstart facilities or headstart facilities need to be relocated. However, the choice of future release sites should not impinge on the current natural genetic structure. Dispersal of Mona iguana hatchlings can involve longdistance movements (the maximum recorded movement is half of the diameter of Mona; Pérez-Buitrago & Sabat 2007) that may preclude any genetic differentiation among Mona localities, but this requires confirmation using molecular genetic tools (Rosas et al 2008) . Second, the study highlights the gaps in our understanding of natal imprinting and homing in rock iguanas. Importantly, the origin of the homing of released animals back to the headstart facility remains unknown: imprinting over early life, nearest suitable habitat or food supplementation for free-ranging iguanas? Experiments with the choice of locations for releasing sites, and temporary and permanent headstart facilities would not only increase our knowledge but might allow us to direct juveniles to optimal places for settling. Third, homing might increase inbreeding if headstarted iguanas originate from the same nests.
The relative endangerment of the species, its population size, and the difficulties in finding nests and/or collecting hatchlings should be considered, with a tradeoff established between the cost associated with raising related iguanas that could inbreed and the need to increase the number of reproductive animals in the population. Hatchlings can and should be collected from as many nests as possible to keep genetic variability high and reduce the risk of inbreeding. Finally, the reduction in growth rates during the third year in captivity suggests that either a reduction in density in the enclosures should be implemented or an earlier release date investigated.
Our study used available demographic and spatial data on wild rock iguanas to assess the success of a headstart program on Mona Island. Although the potential problems identified in this study may be peculiar to Mona, they have broader implications for other headstart initiatives in the Caribbean. The Mona iguana seems to benefit from headstarting, but the spatial behavior of released individuals, especially the returning to the vicinity of the headstart facility and the utilization of home ranges with artificial food provisioning, highlight the requirements for continued monitoring and adaptive management before concluding whether the headstart program has been successful and can accomplish full recovery. 
